The aim of this study was to evaluate the association of single nucleotide polymorphisms (SNPs) T-786C and G894T in the gene encoding eNOS with blood pressure variability (BPV) in man.
Essential hypertension and other cardiovascular diseases are thought to be multifactorial. Along with external influences the genetic factors play an important role in their pathogenesis. In the last years sample of evidence has been brought that single nucleotide chain polymorphisms (SNPs) T-786C and G894T in the gene coding for endothelial nitric oxide synthase (eNOS) are engaged in the genesis of some cardiovascular disorders such as coronary artery disease (Nakayama et al. 1999 , Hingorani et al. 1999 , myocardial infarction , and essential hypertension ). There are data showing that nitric oxide (NO) is involved in the control of blood pressure variability (BPV) (Just et al. 1994 , Nafz et al. 1997 . In experiments on animals, a block of endogenous NO production by NG-nitro-L-arginine in dogs (Just et al. 1994 ) and rats (Nafz et al. 1997) led to increased BPV with greatest difference in a frequency range where the sympathetic nervous system is most effective in these species. A Vol. 60 similar phenomenon was observed in eNOS knock-out mice which displayed greater BPV comparing to controls (Stauss et al. 1999) . Thus NO buffers blood pressure fluctuations by opposing the sympathetic nerve activity (Stauss et al. 2000) . The activity of the sympathetic nervous system is linked to BPV (Laitinen et al. 1999) . Concerning short-term BPV in the frequency range of 0.1 Hz determined by spectral analysis, it was found that it characterizes a young healthy individual (Hojgaard et al. 1998 , Jíra et al. 2010 ) similarly as heart rate variability (HRV) (Honzíková et al. 1990 ) and baroreflex sensitivity (BRS) (Jíra et al. 2006) . Spectral analysis of BPV enabled detection of differences in baroreceptor regulation of blood pressure, which reflected the altered function of the sympathetic nervous system, between normotensive, borderline hypertensive, and mildly hypertensive individuals (Takalo et al. 1994) . BPV at a frequency of 0.1 Hz increases at an early stage of blood pressure elevation in adolescents .
Although many studies were engaged in the evaluation of the association between SNPs in the eNOS gene and cardiovascular diseases in humans on the one hand and in the buffering effect of NO production on BPV in animals on the other, there is a lack of information about genetic determination of BPV buffering in humans. The aim of this study was to investigate the association between T-786C and G894T SNPs and their combinations (called haplotypes) and short-term BPV at 0.1 Hz in young healthy population. Veerman et al. (1994) suggested that aging does not merely influence the magnitude of BPV but causes a complex rearrangement of the variability pattern by changes in neurocardiovascular regulation. Similarly, Mancia et al. (1986) showed that BRS is inversely related to BPV and positively related to HRV, supporting the hypothesis that age-related decrease in BRS is based on the age-related thickening of the carotid artery wall (Lábrová et al. 2005) . Therefore, the current study was focused on apparently healthy young people, in whom the artery wall is not affected by atherosclerosis, increased intima-media thickness or other pathological processes, which could mask the differences in BPV given by genetic dispositions.
Spontaneous fluctuations in systolic (SBP) and diastolic (DBP) blood pressure were recorded beat-tobeat (Finapres) in 152 young healthy individuals (45 men and 107 women) aged 19-24 years after 15 minutes of rest for 5 minutes in sitting position during metronome controlled breathing (20 breaths/min) three times in periods of one week, in the same daytime. The analyzed individuals were randomly recruited from the students of University. Only apparently healthy individuals were included in the study; all of the subjects were without positive personal history of hypertension, myocardial infarction, stroke or diabetes mellitus, the exclusion criteria also included pathological metabolic profile. Systolic (SBPV) and diastolic blood pressure variabilities (DBPV) were evaluated by spectral analysis (Honzíková et al. 1992) as the values of the power spectra at the frequency of 0.1 Hz in both absolute (mmHg 2 /Hz) and relative (r.u.) units (SBPV 0.1r , SBPV 0.1a , DBPV 0.1r , DBPV 0.1a ). For genetic analysis a sample of blood (10 ml) was taken. DNA was isolated from leukocytes according to a standard procedure. Both SNPs were genotyped using polymerase chain reaction and restriction analysis using enzymes Msp I and Ban II according to a modified original method of Novoradovsky et al. (1999) . Statistical analysis was performed using Statistica version 6.0. Variations in the quantitative phenotypes were tested by Kruskal-Wallis analysis of variance or the Mann-Whitney test. The pairwise linkage disequilibrium (LD) among polymorphisms was estimated with the Lewontin disequilibrium coefficient (D´). The program PHASE 2.1 developed by Stephens et al. (2001) was used for in silico estimation of haplotype frequencies; differences in haplotype distributions were assessed by a permutation test. The study was approved by the Ethics Committee.
The values of blood pressure of our study group were in a physiological interval (the whole group -SBP: 112.0±8.0 mmHg, DBP: 64.0±6.0 mmHg; males -SBP: 114.0±8.0 mmHg, DBP: 65.0±7.0 mmHg; females -SBP: 112.0±7.0 mmHg, DBP: 64.0±5.0 mmHg). The frequency of genotypes was 40.13 % (TT, n=61), 46.05 % (CT, n=70), 13.82 % (CC, n=21) for T-786C SNP and 56.58 % (GG, n=86), 36.84 % (GT, n=56), 6.58 % (TT, n=10) for G894T SNP. A significant difference in SBPV 0.1a among genotypes of T-786C polymorphism was found (TT: 43.3±23.3, TC: 57.9±35.7, CC: 52.0±27.2 mmHg 2 /Hz; non-parametric Kruskal-Wallis test for multiple comparisons of independent samples; p<0.05). The carriers of less frequent allele (CC homozygotes and TC heterozygotes) showed significantly greater SBPV 0.1r and SBPV 0.1a compared to TT homozygotes (SBPV 0.1r -CC+TC: 0.022±0.010, TT: 0.019±0.009 r.u. and SBPV 0.1a -CC+TC: 56.6±33.9, TT: 43.3±23.3 mmHg 2 /Hz; Mann-Whitney test with Bonferroni-Holm correction; p<0.05). There was no significant difference in BPV among carriers of different genotypes of G894T polymorphism. The SNPs were in linkage disequilibrium (D´=0.37; p<0.01). However, since it is known that interaction between different variants in the eNOS gene can be important for its function, we constructed the haplotypes with both selected SNPs in this gene and tested their effects. The total frequencies of eNOS haplotypes in our study sample were the following: TG (53.2 %), CG (21.8 %), CT (15.1 %), and TT (9.9 %). Significant differences in BPV among haplotypes of both SNPs were found. The subjects with haplotype CT/CT, i. e. homozygous for less frequent allele in both SNPs (carriers of CC for T-786C and of TT for G894T) displayed significantly greater SBPV 0.1r , SBPV 0.1a and DBPV 0.1a compared to carriers of other haplotype combinations (Table 1) . For this subgroup of CT/CT carriers a tendency towards greater values of DBPV 0.1r was observed, but the difference in DBPV 0.1r among them and the carriers of other genotype combinations was insignificant. There was no significant difference in blood pressure among carriers of different haplotypes of the studied polymorphisms. No significant difference in BPV between males and females was found. No correlation of BPV with age was observed, either.
Although many studies have been engaged in BPV explanation, there is still lack of data about its genetic basis. In this study we reported that polymorphisms T-786C and G894T in the gene coding for eNOS influence the level of short-term BPV. We showed that T-786C SNP caused a rise in SBPV in a frequency range of 0.1 Hz. Moreover, the CT/CT haplotype (combination of homozygote genotypes of less frequent alleles of both SNPs) was associated with an increase in the values of both SBPV and DBPV. Taken into account that SNPs were in linkage disequilibrium this suggests that the influence of these SNPs on BPV should be interactive. As the impact of both SNPs on BPV refers to a frequency range of 0.1 Hz, one can assume that not only decreased baroreflex sensitivity but also decreased buffering capacity of the eNOS/NO system may cause enhanced BPV. The results of this study are in agreement with studies on animals (Nafz et al. 1997 , Stauss et al. 1999 , Stauss et al. 2000 . The T-786C SNP is located at the site of the gene binding the negative transcriptional factor RPA1, which has a greater affinity to the -786C variant (Miyamoto et al. 2000) . RPA1-raised coupling to this regulatory region causes a decreased activity of the promoter and thus can decrease eNOS transcription. In G894T SNP the 894T variant is subjected to enhanced intracellular cleavage and leads to decreased intracellular concentration of the enzyme (Tesauro et al. 2000) . Since the detected SNPs can affect eNOS transcription rate, concentration or activity, a decreased NO production leading to decreased eNOS/NO system effectiveness to buffer blood pressure fluctuations can result. This could be a possible explanation of the increased blood pressure variability observed in CT/CT haplotype carriers. There are some limitations of this study that need to be considered. For the multifactorial heredity (characteristic not only of cardiovascular diseases but also of determination of physiological parameters, e.g. baroreflex sensitivity), it is typical that each genetic polymorphism has generally only a small effect, and that the interaction of gene variants with environmental factors can potentially affect the observed phenotype. In addition, eNOS polymorphisms might be in linkage disequilibrium with other functional SNPs found elsewhere in this gene. The relatively small number of subjects in some subgroups and an unbalanced number of males and females in the study group is vulnerable to type I error.
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In conclusion, we found significant associations of haplotypes of T-786C and G894T polymorphisms in the gene encoding eNOS with systolic and diastolic blood pressure variability. These results need verification and additional studies will be necessary for better understanding of the interaction effects of genetic factors in determination of haemodynamic parameters.
